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FIELD OF THE INVENTION 

This invention relates in general to the field of immuno- 
genetics as applied to the study of oncology. More specifically, 
it relates to the study and analysis of mechanisms by which tumors 

15 are recognized by the organism's immune system such as through the 
presentation of so-called tumor rejection antigens, and the 
expression of what will be referred to herein as "tumor rejection 
antigen precursors" or "TRAPs". Most specifically, it refers to 
one such TRAP, i.e., MAGE-1, produced recombinant ly, and monoclonal 

20 antibodies and antisera directed against MAGE-1, as well as their 



use. 
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BACKGROUND *KP P» m hm 

The study of the recognition or lack of recognition of cancer 
cells by a host organism has proceeded in many different 
directions. Understanding of the field presumes some understanding 
of both basic immunology and oncology. 

Early research on mouse tumors revealed that these displayed 
molecules which led to rejection of tumor cells when transplanted 
into syngeneic animals. These molecules are -recognized- by 
T-cells in the recipient animal, and provoke a cytolytic T-cell 
response with lysis of the transplanted cells. This evidence was 
first obtained with tumors induced in vitro by chemical 
carcinogens, such as methylcholanthrene. The antigens expressed 
by the tumors and which elicited the T-cell response were found to 
be different for each tumor. See Prehn, et al., J. Natl. Cane. 
Inst. 18: 769-778 (1957); Klein et al., Cancer Res. 20: 1561-1572 
(I960); Gross, Cancer Res. 3: 326-333 (1943), Basombrio, Cancer 
Res. 30: 2458-2462 (1970) for general teachings on inducing tumors 
with chemical carcinogens and differences in cell surface antigens. 
This class of antigens has come to be known as "tumor specific 
transplantation antigens- or -TSTAs". Following the observation 
of the presentation of such antigens when induced by chemical 
carcinogens, similar results were obtained when tumors were induced 
in vitro via ultraviolet radiation. See Kripke, J. Natl. Cane. 
Inst. 53: 333-1336 (1974). 
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While T-cell mediated immune responses were observed for the 
types of tumor described supra . spontaneous tumors were thought to 
be generally non-immunogenic . These were therefore believed not 
to present antigens which provoked a response to the tumor in the 
tumor carrying subject. See Hewitt, et al. # Brit. J. Cancer 33: 
241-259 (1976). 

The family of turn" antigen presenting cell lines are 
immunogenic variants obtained by mutagenesis of mouse tumor cells 
or cell lines, as described by Boon et al., J. Exp. Med. 152: 1184- 
1193 (1980), the disclosure of which is incorporated by reference. 
To elaborate, turn" antigens are obtained by mutating tumor cells 
which do not generate an immune response in syngeneic mice and will 
form tumors (i.e., "turn*" cells). When these turn* cells are 
mutagenized, they are rejected by syngeneic mice, and fail to form 
tumors (thus "turn""). See Boon et al., Proc. Natl. Acad. Sci. USA 
74: 272 (1977), the disclosure of which is incorporated by 
reference. Many tumor types have been shown to exhibit this 
phenomenon. See, e.g., Frost et al., Cancer Res. 43: 125 (1983). 

It appears that turn" variants fail to form progressive tumors 
because they elicit an immune rejection process. The evidence in 
favor of this hypothesis includes the ability of "turn"" variants 
of tumors, i.e., those which do not normally form tumors, to do so 
in mice with immune systems suppressed by sublethal irradiation, 
Van Pel et al., Proc. Natl, Acad. Sci. USA 76: 5282-5285 (1979); 
and the observation that intraperitoneal ly injected turn" cells of 
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mastocytoma P815 multiply exponentially for 12-15 days, and then 
are eliminated in only a few days in the midst of an influx of 
lymphocytes and macrophages (Uyttenhove et al., J. Exp. Med. 152: 
1175-1183 (1980) )• Further evidence includes the observation that 
mice acquire an immune memory which permits them to resist 
subsequent challenge to the same turn* variant, even when 
immunosuppressive amounts of radiation are administered with the 
following challenge of cells (Boon et al., Proc. Natl, Acad. Sci. 
USA 74: 272-275 (1977); Van Pel et al., supra : Uyttenhove et al., 
supra ) . Later research found that when spontaneous tumors were 
subjected to mutagenesis, immunogenic variants were produced which 
did generate a response. Indeed, these variants were able to 
elicit an immune protective response against the original tumor. 
See Van Pel et al., J. Exp. Med. 157: 1992-2001 (1983). Thus, it 
has been shown that it is possible to elicit presentation of a so- 
called "tumor rejection antigen" in a tumor which is a target for 
a syngeneic rejection response. Similar results have been obtained 
when foreign genes have been transfected into spontaneous tumors. 
See Fearson et al., Cancer Res. 48: 2975-1980 (1988) in this 
regard. 

A class of antigens has been recognized which are presented 
on the surface of tumor cells and are recognized by cytotoxic T 
cells, leading to lysis. This class of antigens will be referred 
to as "tumor rejection antigens" or "TRAs" hereafter. TRAs may or 
may not elicit antibody responses. The extent to which these 
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antigens have been studied, has been via cytolytic T cell 
characterization studies j n Vitro i.e., the study of the 
identification of the antigen by a particular cytolytic T cell 
( H CTL M hereafter) subset. The subset proliferates upon recognition 
of the presented tumor rejection antigen, and the cells presenting 
the antigen are lysed. Characterization studies have identified 
CTL clones which specifically lyse cells expressing the antigens. 
Examples of this work may be found in Levy et al., Adv. Cancer Res. 
24: 1-59 (1977); Boon et al., J. Exp. Med. 152: 1184-1193 (1980); 
Brunner et al., J. Immunol. 124: 1627-1634 (1980); Maryanski et 
al., Eur. J. Immunol. 124: 1627-1634 (1980); Maryanski et al., Eur. 
J. Immunol. 12: 406-412 (1982) ; Palladino et al., Cane. Res. 47: 
5074-5079 (1987). This type of analysis is required for other 
types of antigens recognized by CTLs, including major 
histocompatibility antigens, the male specific H-Y antigens, and 
a class of antigens, referred to as -turn-" antigens, and discussed 
herein. 

A tumor exemplary of the subject matter described supra is 
known as P815. See DePlaen et al., Proc. Natl. Acad. Sci. USA 85: 
2274-2278 (1988); Szikora et al., EMBO J 9: 1041-1050 (1990), and 
Sibille et al., J. Exp. Med. 172: 35-45 (1990), the disclosures of 
which are incorporated by reference. The P815 tumor is a 
mastocytoma, induced in a DBA/2 mouse with methylcholanthrene and 
cultured as both an in vitro tumor and a cell line. The P815 line 
has generated many turn" variants following mutagenesis, including 
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variants referred to as P91A (DePlaen, gu^) , 35B (Szikora, 
BJJEEa), and P198 (Sibille, sypxa.) . In contrast to tumor rejection 
antigens - and this is a Key distinction - the turn" antigens are 
only present after the tumor cells are mutagenized. Tumor 
rejection antigens are present on cells of a given tumor without 
mutagenesis. Hence, with reference to the literature, a cell line 
can be turn*, such as the line referred to as "Pi", and can be 
provoked to produce turn-variants. Since the turn" phenotype differs 
from that of the parent cell line, one expects a difference in the 
DNA of turn" cell lines as compared to their tum + parental lines, 
and this difference can be exploited to locate the gene of interest 
in turn" cells. As a result, it was found that genes of turn- 
variants such as P91A, 35B and P198 differ from their normal 
alleles by point mutations in the coding regions of the gene. See 
15 Szikora and Sibille, supra, and Lurguin et al., Cell 58: 293-303 
(1989) . This has proved no£ to be the case with the TRAs of this 
invention. These papers also demonstrated that peptides derived 
from the turn" antigen are presented by the L d molecule for 
recognition by CTLs. P91A is presented by L d , P35 by D d and P198 
20 by K d . 

^ Prior patent applications PCT/US92/04354, U.S. Serial No 

0^807,043^; 0^64,364; <*/728,838 and o^707,702, all of which are 
incorporated by reference, describe inventions involving, inter 
alia, genes and other nucleic acid molecules which code for various 
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TRAPS, which are in turn processed to tumor rejection antigen, or 
"TRAs M . 

The genes are useful as a source for the isolated and purified 
tumor rejection antigen precursor and the TRA themselves, either 
of which can be used as an agent for treating the cancer for which 
the antigen is a "marker", as well as in various diagnostic and 
surveillance approaches to oncology, discussed into, it is known, 
for example, that turn" cells can be used to generate CTLs which 
lyse cells presenting different turn" antigens as well as turn* 
cells. see, e.g., Maryanski et al., Eur. J. Immunol 12: 401 
(1982); and Van den Eynde et al., Modern Trends in Leukemia IX 
(June 1990) , the disclosures of which are incorporated by 
reference. The tumor rejection antigen precursor may be expressed 
in cells transfected by the gene, and then used to generate an 
immune response against a tumor of interest. 

In the parallel case of human neoplasms, it has been observed 
that autologous mixed lymphocyte -tumor cell cultures ( "MLTC" 
hereafter) frequently generate responder lymphocytes which lyse 
autologous tumor cells and do not lyse natural killer targets, 
autologous EBV-transformed B cells, or autologous fibroblasts (see 
Anichini et al., Immunol. Today 8: 385-389 (1987)). This response 
has been particularly well studied for melanomas, and MLTC have 
been carried out either with peripheral blood cells or with tumor 
infiltrating lymphocytes. Examples of the literature in this area 
including Knuth et al., Proc. Natl. Acad. Sci. USA 86: 2804-2802 
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(1984); Mukherji et al., J. Exp. Med. 158: 240 (1983); Herin et 
all. Int. J. Cane. 39: 390-396 (1987); Topalian et al, J. Clin. 
Oncol 6: 839-853 (1988). Stable cytotoxic T cell clones ("CTLs" 
hereafter) have been derived from MLTC responder cells, and these 
clones are specific for the tumor cells. See Mukherji et al., 
su P f a > Herin et all, supra . Knuth et al., supra . The antigens 
recognized on tumor cells by these autologous CTLs do not appear 
to represent a cultural artifact, since they are found on tumor 
cells in YiY£. Topalian et al., fiupxa; Degiovanni et al., Eur. J. 
Immunol. 20: 1865-1868 (1990). These observations, coupled with 
the techniques used herein to isolate the genes for specific murine 
tumor rejection antigen precursors, have led to the isolation of 
nucleic acid sequences coding for tumor rejection antigen 
precursors of TRAs presented on human tumors. It is now possible 
to isolate the nucleic acid A 51S^feeV~ which code for tumor 
rejection antigen precursors, including, but not being limited to 
those most characteristic of a particular tumor, with ramifications 
that are described infra. 

Additional work has focused upon the presentation of TRAs by 
the class of molecules known as human leukocyte antigens, or 
"HLAs". This work has resulted in several unexpected discoveries 
regarding the field. Specifically in U.S. patent application 
Serial Number 938,334, the disclosure of which is incorporated by 
reference, nonapeptides are taught which are presented by the HLA- 
Al molecule. The reference teaches that given the known 
specificity of particular peptides for particular HLA molecules, 
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one should expect a particular peptide to bind one HIA molecule, 
but not others. This is important, because different individuals 
possess different HLA phenotypes. As a result, while 
identification of a particular peptide as being a partner for a 
specific HLA molecule has diagnostic and therapeutic ramifications, 
these are only relevant for individuals with that particular HLA 
phenotype. There is a need for further work in the area, because 
cellular abnormalities are not restricted to one particular HIA 
phenotype, and targeted therapy requires some knowledge of the 
phenotype of the abnormal cells at issue. 

, In U.S. Patent Application Serial Number atoos , 446, filed 
January 22, 1993 and incorporated by reference, the fact that the 
MAGE-1 expression product is processed to a second TRA is 
disclosed. This second TRA is presented by HIA-Oclone-10 
molecules. The disclosure shows that a given TRAP can yield a 
plurality of TRAs. 

In U.S. Patent Application Serial Number ^94,928, filed 
December 22, 1992, and incorporated by reference herein, tyrosinase 
is described as a tumor rejection antigen precursor. This 
reference discloses that a molecule which is produced by some 
normal cells (e.g., melanocytes), is processed in tumor cells to 
yield a tumor rejection antigen that is presented by HIA-A2 
molecules. 

The prior applications cited supra discussed antibodies 
against tumor rejection antigen precursors generally. The present 
investigators have utilized the isolated nucleic acid molecule 
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coding for MAGE-l to produce a recombinant MAGE-l protein, and 
peptides derived therefrom. These have been used to produce 
polyclonal and monoclonal antibodies which specifically bind to 
MAGE-l. These antibodies, and their use, constitute the invention 
described and claimed herein. 

BRIEF DESCRIPTION OF THE PIGURgS 

Figure 1 shows, schematically, the MAGE-l gene, oligopeptides 
derived from the recombinant MAGE-l protein, and comparison with 
corresponding sequences in MAGE-2 and MAGE-3 deduced amino acid 
sequences. 

Figure 2A shows silver stained SDS-polyacrylamide gels of affinity 
purified, MAGE-l recombinant protein. Figure 2B presents 
immunoblotting work where recombinant MAGE-l protein was used 
against rabbit antisera derived from immunization with three 
peptides (SEQ ID NOS: 2, 3 and 4). Blotting was at 1:1000 
dilution. As a control, recombinant mouse p53 was used. 

Figure 3A shows the reactivity pattern of mAb MA 454 against six 
melanoma lines. Figure 3B shows the results obtained using rabbit 
polyclonal antisera against the same lines. Figure 3C shows 
results obtained with a MAGE-l transfected cell line (MZ2-MEL 2.2- 
ET.l), and its parent (MZ2-MEL 2.2). 

Figure f presents immunoblot analysis using the antibodies against 
tissue lysates. 
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DETAILED DESCRIPTI ON OP PREFERRED EMBODIMENTS 

Many different "MAGE" genes have been identified, as will be 
seen from the applications and references cited supra. The 
MAGE-1 gene is at issue^ok-the present case, and is the only one 
discussed hereafter. For convenience, it is presented herein as 
SEQ ID NO: 1. 

"MAGE" as used herein refers to a nucleic acid sequence 
isolated from human cells. 

When "TRAP" or "TRAs" are discussed herein as being specific 
to a tumor type, this means that the molecule under consideration 
is associated with that type of tumor, although not necessarily to 
the exclusion of other tumor types. 

Example 1 

The cell line MZ2-MEL 3.1 described in, e.g., Van den Eynde 
et al., Int. J. Cancer 44: 634-640 (1989) and in the parent 
application cited supra , previously observed to express MAGE-1 , was 
used as a source of total RNA. The total RNA was extracted from 
the cells, and was then subjected to reverse 
transcript ion/polymerase chain reaction, using the primers CH08 and 
CH09, as described by Van der Bruggen et al., Science 254: 1643- 
1647 (Dec. 13, 1991), the disclosure of which is incorporated by 
reference. This paper describes the W RT-PCR W technique, as does 
*he- Brasseur et al., Int. J. Cancer 52: 839-841 (1992). It must 
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be understood, however, that the sequence of MAGE-1 is known to the 
art, and other primers could be used besides CH08 and CH09. 

Once the RT-PCR protocols were completed, the products were 
cloned directly into plasmid pT7 Blue (Novagen, Madison WI) , 
following manufacturer's instructions which constituted well known 
techniques. Following the cloning, the recombinant plasmid DNA was 
treated with restriction endonucleases to generate fragments which 
included fragments containing the MAGE-1 gene. See, e.g. Van der 
Bruggen et al, supra . 

The appropriate cDNA insert was subcloned unidirectionally, 
into plasmids pQE9, pQElO and pQEll, using BamHI and Hindlll 
cloning sites in pT7 Blue. The plasmids were transfected into £. 
SSll, and recombinant protein production was induced via IPTG, as 
the host plasmid contains the lac operon. This yielded a fusion 
protein containing the MAGE-1 polypeptide sequence, which could be 
purified via Ni 2+ ion affinity chromatography. 

The DNA sequence of the recombinant clone was obtained, and 
was confirmed to encode 163 amino acids which correspond to deduced 
amino acids 57-219 of^predicted MAGE-1 amino sequence, plus 30 
residues from the plasmid itself. Figure 1 shows this. The 
expected molecular mass is about 20-22 kOa. 

When clones in pQElO were studied, indeed, a recombinant 
protein of about 20 kDa was produced following IPTG induction. 
Other minor protein species of 70 kDa, 43 kDa, 17 kDa and 15 kDa 
were also found, as is seen in figure 2A. 
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Example 2 

The following describes procedures used to produce antibodies 
to MAGE-1. Based upon the predicted MAGE-1 amino acid sequence, 
three oligopeptides were prepared: 



5 He Asn Phe Thr Arg Gin Arg Gin Pro Ser Glu Gly Ser Ser 

(SEQ ID NO: 2) 

oj\ Leu Phe Arg Ala Val He Thr Lys Lys Val Ala Asp 

(SEQ ID NO: 3) 

Asp Val Lys Glu Ala Asp Pro Thr Gly His Ser Tyr 
10 (SEQ ID NO: 4) 

Rabbits were immunized with the peptides, and were then treated to 
collect antiserum. 

Antisera prepared against these three peptides were then used 
with £. coli produced, recombinant MAGE-1 protein, in 
15 immunoblotting experiments. The results, set forth in figure 2B, 
show that only antiserum raised against the first of these 
peptides, i.e., SEQ ID NO: 2 reacted strongly. The fact that 
additional protein species that copurified with the 20 kDa fusion 
protein also showed reactivity, suggests that these are aggregates 
of the fusion protein. The peptide used corresponds to deduced 
amino acids 68-81 of the MAGE-1 of the predicted MAGE-1 protein. 

When immunoblotting was carried out using lysates of melanoma 
cell line MZ2-MEL 3.1, no detectable MAGE protein was found. 
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Example 3 

Monoclonal antibodies were then prepared. Purified 
recombinant protein, produced as described supra, was used to 
immunize BALB/C mice. Hybridomas were generated and cloned. The 
protocol used was that described by Dippold et al., Proc. Natl. 
Acad. Sci. USA 77: 6114-6118 (1980), the disclosure of which is 
incorporated by reference. The key difference, of course, was the 
immunogen used for immunization. 

Once hybridomas were generated, their supernatants were 
screened using a standard, solid phase ELISA on microtiter plates, 
using the immunizing fusion protein as target antigen. Five clones 
were found to be reactive. They all also showed moderate to strong 
reactivity in immunoblots. 

As a control, mouse p53 protein, expressed in the same plasmid 
vector, was also tested. No reactivity was seen. These results 
are summarized in Table 1 which follows: 
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Table 1. Reactivity of mouse anti-reoombtetf UAGE-1 mAb* 
toward recombinant I4AGE-1 protein and control p53 protein 



Assay 
mAVv • 


ELBA 


Immunoblot 


MAGEM 


P53 


WAGE-1 




MA32 


♦4* 


- 


44# 


- 


MA231 


♦ 




44 


• 


MA399 


44 




44 


• 


MA430 

* 


44 




444 


• 


MAX 54 


4+ 




444 





• EUSA liter using bybridoma supemalaots: <1:1B; 4. t.-64; 44, 1256. 
fhwnimobtot signal intensity: negative; 4, weak; 44. moderate; 444-, si 



Example 4 

The mAbs described fiupxfl. were then tested egainst lysates of 
melanoma cell lines. The cell lines tested, i.e., M22-MEL 3.1, 
MZ2-MEL 2.2, and SK-MEL-187, are all well known. MZ2-MEL 2.2 is 
a MAGE-1 loss variant derived from MAGE-1 positive parental MZ2- 
MEL 3.1 by CTL selection (van der Bruggen et al., Int. J. Cancer 
44: 634-640 (1989)). These cells had been "typed" by RT-PCR as 
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being MAGE-1 + 2*3*(MZ2-MEL 3.1) # MAGE-l"2*3* (MZ2-MEL 2.2), and MAGE 
1~2~3" (SK MEL-187) . The lysates were prepared by homogenizing the 
cells in Nonidet P40 (NP-40) buffer (1% NP-40, 50 mM Tris-HCl, pH 
8.0 f 150 mM NaCl) . The results are shown in figure 3A. 

Monoclonal antibody MA 454 reacted with a 46 kDa protein 
present in MZ2-MEL 3.1 lysate, but not in lysates of either of the 
other two cell lines. When three additional melanoma lines were 
tested, only those which were typed as being MAGE-1 positive 
reacted with the mAb. Expression of MAGE-2 or MAGE-3 was 
irrelevant . 

The polyclonal antiserum described supra, was also tested 
against these lysates. Results are shown in figure 3B. It was 
positive for MZ2-MEL 3.1, and for MAGE-1 transfected cell line MZ2- 
MEL 2.2-ET.l, but was negative for parental line MZ2-MEL 2.2. 

Example 5 

Lysates were prepared from liver, kidney and testis tissue, 
and from four melanoma cell lines including one MAGE-l' f 2 4 3 + line, 
two MAGE-l~2 + 3 + , and one MAGE-1"2"3~ lines. The lysates were 
prepared as described supra. When immunoblotting was carried out, 
testis lysates were positive with mAb 454, as were MAGE-1 positive 
melanomas. No other lysates were positive. which is in complete 
agreement with mRNA expression data. 
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The same experiments were carried out using polyclonal 
antiserum, and the results paralleled those for the monoclonal 
antibodies. Figure 4 presents these results. 

The foregoing experiments describe the production of 
monoclonal antibodies which specifically bind to a tumor rejection 
antigen precursor TRAP, The studies show binding both to the "wild 



type" MAGE-1 molecule, and the recombinant form, but not to either 
of MAGE-2 or MAGE- 3 • A particularly preferred species of MAGE-1 
binding mAb, i.e., MA454, has been deposited at the American Type 



The invention thus relates to MAGE-1 specific monoclonal 
antibodies and the hybridomas which produce them. The mAbs were 
found to be useful in determining expression of MAGE-1 in cell 
lysates. Specifically, the mAbs can be added, e.g., in labelled 
form, bound to a solid phase, or otherwise treated to increase the 
sensitivity of MAGE-1 detection. Any of the standard types of 
immunoassays, including ELISAs, RIAs, competitive assays, 
agglutination assays, and all others are encompassed with respect 
to the way the mAbs can be used. "Cell lysate" as used herein 
refers not only to a sample which is expressly lysed, but also to 
those samples which contain cells which have been lysed in vivo , 
or any sample which contains material normally internal to the 
cells. The detection of MAGE-1 expression product is useful, e.g., 
in diagnosing or monitoring the presence or progress of a cancer. 
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The isolated, recombinant MAGE-1 protein is also a feature of 
this invention. This molecule has a molecular weight of about 20- 
22 kDa as determined by SDS-FAGE, and is useful as an immunogen as 
are the peptides of SEQ ID NOS: 2, 3 and 4, shown by the examples 
to be immunogenic. Preferably, these are used in combination with 
a suitable adjuvant. The isolated form of the molecule obtained 
via non-recombinant means has a molecular weight of about^i^kd as 
determined by SDS-PAGE, and is useful in the same ways as is the 
recombinant protein. The recombinant form may consist of only 
amino acids 57-219 of the sequence of MAGE-1, as shown supra. Also 
a part of the invention is the full length isolated, recombinant 
MAGE-1 protein, having a molecular weight of about 34.3kd as 
determined by SDS-PAGE, and consisting of the amino acid sequence 
coded for by nucleotides 3931-4761 of SEQ ID NO: 1. 

Other features of the invention will be clear to the artisan 
and need not be repeated here. 

The terms and expressions which have been employed are used 
as terms of description and not of limitation, and there is no 
intention in the use of such terms and expressions of excluding any 
equivalents of the features shown and described or portions 
thereof, it being recognized that various modifications are 
possible within the scope of the invention. 
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